We determine the age of the eclipsing binary V380 Cygni, whose components have a significant mass ratio, MB/MA ≈ 0.6. Because this binary exhibits spectral lines of both components, the values of masses and radii could be determined with a very high accuracy. Assuming that both components are on the main sequence, we derive the age of about 16 Myr. However, in this case the primary needs a large overshooting from the convective core (fov ≈ 0.04) and higher metallicity (Z ≈ 0.02). It is difficult to tell whether such a high value of overshooting from the convective core is reliable or rather mimics other mixing processes, which took place on the whole main sequence evolution, e.g., resulting from diffusion, rotation etc. If the primary is already in the overall contraction phase or just after, then the age of the system is about 13 Myr. Based on the available observations, we cannot resolve what is the evolutionary stage of the V380 Cyg system. The analysis of the Kepler light curve does not show any significant periodicity besides the orbital frequency and, most probably, the rotational frequency and their multiplets.
Introduction
Binary stars play a special role in astrophysics. An example of their application is the determination of the age if masses and radii can be determined with a high accuracy.
V380 Cygni (HR 7567, HD 187879, KIC 5385723) is a bright binary (V=5.68, Høg et al., 2000) consisting of two early Btype stars with a mass ratio, M B /M A ≈ 0.6 (e.g., Batten, 1962; Popper & Guinan, 1998) . The system undergoes shallow eclipses (0.12 and 0.09 mag) with the period equal to 12.43 days. In addition, in spectroscopic observations the spectral lines of both components are visible (Batten, 1962) . Over decades, several papers have been published where masses and radii of the components A and B were determined (e.g., Batten, 1962; Ramella et al., 1980; Popper & Guinan, 1998; Guinan et al., 2000) . The most recent values can be found in Pavlovski et al. (2009) and Tkachenko et al. (2014) . However, the location of the primary component in the HR diagram does not agree with evolutionary tracks computed for determined parameters (Popper & Guinan, 1998; Guinan et al., 2000) . The more massive component is overluminous for its mass and, moreover, it is located beyond the main sequence (MS) in a comparison with models for metallicity close to the solar value and no overshooting from the convective core. The less massive component has the parameters which perfectly fit with evolutionary tracks and it is a main sequence object not much evolved from Zero Age Main Sequence (ZAMS). Guinan et al. (2000) showed for the first time that in order to catch the primary on MS, the overshooting parameter of at least f ov ≈ 0.06 was needed if the metallicity was Z = 0.012. This results was confirmed also by Claret (2007) and Tkachenko et al. (2014) and until now, the evolutionary stage for the primary star has not been resolved.
The V380 Cyg binary was also observed by Kepler Space Telescope resulting in eight quarters of accurate photometry (Q7, Q9, Q10, Q12, Q11, Q14, Q15, Q16). Using the first six quarters of observations Tkachenko et al. (2014) was looking for possible pulsations and announced above 300 frequency peaks.
In Sec. 2 we describe evolutionary computations. The determination of the age of the system is presented in Sec. 3. In Sect. 4 we analyze the Kepler light curve from all eight quarters. Conclusions end the paper.
Evolutionary computations
We assume that V380 Cyg is a detached binary system, so each component evolves separately and there is no interactions between them.
The evolutionary models were computed using MESA (Modules for Experiments in Stellar Astrophysics) evolutionary code (Paxton et al., 2011 (Paxton et al., , 2013 (Paxton et al., , 2015 . We adopted the OPAL opacity tables (Iglesias & Rogers, 1996) and the solar chemical mixture from Asplund et al. (2009) .
Overshooting from the convective hydrogen core was included according to the prescription proposed by Herwig (2000) , i.e.,:
where D conv is the diffusion coefficient derived from the mixing length theory (MLT) inside the convective region, H P is the pressure scale height at the convective boundary, z is the distance from the convective boundary and f ov is a dimensionless free parameter. We used the Ledoux criterion for the convective instability with the value of the mixing-length parameter of α MLT =0.5. This is a usually adopted value for B-type main sequence stars because of negligible efficiency of the convective transport in thier envelopes. In convectively unstable regions according to the Schwarzschild criterion but stable according to the Ledoux criterion, a semiconvective mixing is included using a formula proposed by Langer et al. (1983 Langer et al. ( , 1985 , with the adopted efficiency parameter α SC =0.01.
MESA code enables to calculate models rotating differentially in the framework of the shellular approximation, which assumes the constant angular velocity Ω, over isobars. In our computation rotation and rotational mixing has been included. The effects of mass loss is taken into account accord- Table 1 : The parameters of the two components of the V380 Cyg system determined by Pavlovski et al. (2009) (the first two rows) and Tkachenko et al. (2014) (the next two rows). The subsequent columns contain: the name and HD number, spectral types, the orbital period and brightness at the maximum light, mass, radius, effective temperature, luminosity and the projected rotational velocity. System Star SpT ing to the prescription by Vink et al. (2001) . The effects of the magnetic field were neglected.
Age determination
To estimate the age of the V380 Cyg system, we used the radius-age diagram at the fixed values of masses. We adopted the values of masses and radii derived by Pavlovski et al. (2009) , which are listed in Table 1 . For a comparison, we give also parameters determined by Tkachenko et al. (2014) .
In Figure 1 , we show the Hertzsprung-Russell diagram with evolutionary tracks computed for the initial hydrogen abundance X 0 = 0.70, two values of metallicity, Z = 0.014, 0.020, and two values of the overshooting parameter from the convective core, f ov = 0.00, 0.04. The positions of the stars are marked by crosses with 1σ and 3σ errors in log T eff and log L/L ⊙ . We assumed the initial values of rotation V rot =150 km s −1 for primary and V rot =50 km s −1 for secondary in order to fit the observed values of rotational velocity within the error (cf. Table. 1). These values correspond to 22% and 8% of the critical velocity on ZAMS for the component A and B, respectively. We considered the overshooting parameter from the convective core in the range of f ov ∈ (0.00, 0.04). The metallicity of V380 Cyg was estimated by Prugniel et al. (2011) and it is Fe/H=0.05 ± 0.12, which corresponds to the abundance of metallicity by mass Z = 0.011 − 0.020 (assuming Z ⊙ = 0.0134). Here, we considered two values of the metallicity: Z = 0.014 as determined by Nieva & Przybilla (2012) for galactic B-type stars and Z = 0.020, the highest value determined from observations.
In Figure 2 , we plotted the effective radius, R eff , as a function of time, log t, for both components. The values of age, t, are given in years. The effective radius is the value of R corrected for the centrifugal force. The same set of parameters as in Figure 1 was adopted. The age is estimated for each star separately and then a common age is set. As one can see from Figures 1 and 2, two hypotheses regarding the evolutionary stage of V380 Cyg primary have to be considered. Depending on the adopted parameters, the star can be either in post-main sequence phase of evolution or it can be still on the main sequence.
Post-main sequence hypothesis
The scenario that the V380 Cyg primary is beyond the main sequence does not require adding overshooting in order to agree the star's position in the HR diagram. Keeping the rotational velocity of both components consistent with the observed values, the common age of V380 Cyg depends on the assumed chemical composition.
For Z = 0.014, the common age of the two components is log t AB =7.11±0.01 (12.9±0.3 Myr), whereas for Z = 0.02 log t AB =7.125±0.015 (13.3±0.5 Myr). The determined ranges of the common age are given in Table 2 . There are also given: the metallicity, overshooting parameter and central hydrogen abundance.
Main sequence hypothesis
In order to catch more massive component of V380 Cyg on the main sequence the large value of the overshooting parameter from the convective core, f ov =0.04 is required (cf. Figures 1 and 2 ). For Z = 0.014 we obtained the common age of V380 Cyg of log t AB =7.195±0.015 (15.7±0.6 Myr), whereas for Z = 0.020 the age is slightly older, log t AB =7.205±0.015 (16.0±0.6 Myr).
In general, the higher the metallicity the younger the system, but because the primary is very close to TAMS the effect is inverse, i.e., higher metallicity gives the older age (Daszyńska-Daszkiewicz & Miszuda, 2018) . In the case of V380 Cyg the effect of metallicity is very slight because the dependence R eff (log t) for the primary star is almost vertical (cf. Figure 2) . For more parameters of the models see Table 2 . 
Kepler photometry
To obtain the light curve of V380 Cyg, we used all available Kepler Long Cadence data from eight quarters of observations: Q7, Q9, Q10, Q12, Q11, Q14, Q15, Q16. The flux from Simple Aperture Photometry (SAP) was extracted from target pixel files (for details see Szewczuk & Daszyńska-Daszkiewicz, 2018) . As a result we obtained 34 051 data points spanned over 928 days.
The eclipsing binary light curve was modelled using the Wilson-Devinney (WD) code (e.g., Wilson & Devinney, 1971; Wilson & Van Hamme, 2014) in its version of May 22, 2015. In this version, the Kepler passband is included, which enables us to model properly passband-dependent features. Calculations were performed in MODE 2 dedicated for detached binaries in which luminosity of the secondary star is coupled to the temperature. We fitted binary model to the all data points simultaneously. The values of fixed and fitted parameters of the model are listed in Table 3 . Fixed parameters were taken from Tkachenko et al. (2014) .
Then, we subtracted modelled eclipsing binary light curve from the observed data (see Figure 3) and cut the eclipses. After this operation we ended up with 27 124 data points that were used for searching possible pulsational variability. To this end, we calculated the Fourier amplitude spectrum up to the Nyquist frequency (∼24.5 d −1 ) and followed standard pre-whitening procedure.
As a significant signal in the Fourier amplitude spectrum, we treated peaks with signal-to-noise ratio higher than 4 (S/N>4). Only five frequencies above this threshold were found (see Table 4 ), comparing to over 300 peaks found by Tkachenko et al. (2014) from six quarters of Kepler observations. The reason of such different result is not clear. Partly, this may be due to shorter time series they analyzed or possibly results from not accurate subtraction of the modelled binary light curve.
The first frequency, f 1 , is very close to the rotational frequency (ν rot = 0.12189 d −1 for V rot =100 km s −1 and 16.22 R ⊙ ). The frequencies f 2 and f 4 seem to be its consecutive multiplets (f 2 =2f rot and f 4 =3f rot ). The frequency f 3 is very close to the orbital frequency f orb =0.08045 d −1 , within the Rayleigh resolution. Plausible explanation could be that Zenodo, 2018 changes in the brightness with the orbital period occur also outside the eclipses due to, e.g., tidally-induced deviations from spherical symmetry. The eccentricity of the system is e = 0.22 and the shape of the light curve (cf. Figure 3) allows us to suppose that we are dealing with a heartbeat star.
The last significant frequency, f 5 =0.02252 d −1 , is rather spurious since V380 Cyg is overexposed in the Kepler observations. 
Conclusions
We presented the age determination of V380 Cyg, a double-lined eclipsing binary with two massive, early-B type components. To this end, we calculated evolutionary models for each component using MESA code and used the massradius-age relation. The estimated age of the V380 Cyg binary depends on the assumed evolutionary stage of the primary component, which can be either a main sequence or post-main sequence star.
In order to catch the more massive component on main sequence large overshooting from the convective core is needed (f ov ≈ 0.04). Then, the age of the system depends on the adopted value of the metallicity. We obtained the age of 15.7±0.6 Myr and 16.0±0.6 Myr, for Z = 0.014 and Z = 0.020, respectively.
If the primary star has already entered the post-MS evolutionary phase, then no overshooting is needed to agree the age of both components. In this case we derived the age of 12.9±0.3 Myr and 13.3±0.5 Myr, for Z = 0.014 and Z = 0.020, respectively.
The effect of metallicity depends on the evolutionary stage. For most of the main sequence evolution, the higher metallicity results in a younger age of the system. However, the effect is reverse close and after the TAMS and for higher metallicity one gets the older age.
From these studies it is hard to conclude what is the evolutionary stage of the V380 Cyg primary. On one hand, the main sequence hypothesis seems more likely due to time scales. On the other hand, it requires large core overshooting and for now we are not able to check whether this result has a physical meaning.
Finally, we made an attempt to find pulsational frequencies from the Kepler light curve. The aim was to get some constraints on the evolutionary stage of the primary star from a comparison of pulsational instability with the observed frequency range. We used Wilson-Devinney code to get an orbital solution from the eight quarters of the Kepler Long Cadence observations. After subtracting the modelled light curve and cutting the eclipses, the frequency analysis was performed.
This analysis revealed only 5 significant frequencies, i..e, with the adopted criterion S/N>4, comparing to above 300 found by Tkachenko et al. (2014) . Three our frequencies agree with the values reported by Tkachenko et al. (2014) (f 1 , f 2 and f 3 ). The frequency f 1 = 0.12944 d −1 is most probably the rotational frequency. The other two seem to be its multiplets. Despite removing the eclipses, the orbital frequency is still present. This can indicate, e.g., distortion of stars as a result of tidal interaction. Given that eccentricity is not small (e = 0.22), it is quite likely that V380 Cyg could be a heartbeat binary. More studies are needed to confirm this suggestion.
